Since the geometry of our universe seems to depend very little on baryonic matter, we consider a variational principle involving only dark matter and dark energy which 
Equations and solutions (i) Basics
Planck 2013 results XVI [8] , confirming previous observations [4] , [5] , [9] , present us with an image of the universe whose energy is almost entirely dominated by two unrelated and still mysterious components, dark matter which causes cosmic attraction and dark energy responsible for cosmic repulsion. Baryonic matter is in for less than 5%.
In "Searching for insight" [6] Lynden Bell wrote I still have hopes that thoughts based on Mach's Principle may lead us to a definite prediction of the cosmical repulsion. This note is about such a Machian taught. The principle is simple, consequences straightforward with predictions well within the limits of observations. Short comings and other comments are given at the end.
In a 1991 paper, Tseytlin [11] presented the following ansatz for a classical low energy effective Action, "...not a fundamental Action which should be quantised..." says Tseytlin referring to "dual-symmetric string theory and consistency with standard (inflationary) cosmology" to justify this action 1
Notations are standard, L m is here the Lagrangian density of dark matter. Baryonic matter is neglected. The boundary of spacetime B is a closed hypersurface which in Tseytlin englobes the "the volume of spacetime". The variational principle applied to this Action provides Einstein's equations with a boundary dependent cosmological term that is self consistently related to the dark matter Lagrangian density:
To demand that Λ be a constant amounts to ask for all solutions of Einstein-de Sitter equations to satisfy an additional global constraint within the boundaries of the domain. This may be a lot to ask. Moreover for isolated systems boundaries are usually taken far away from the sources of gravity but in homogeneous cosmological spacetimes the source is everywhere. We shall therefore let Λ depend on the boundaries. It is not easy to see what else can be done.
In classical mechanics the Lagrangian is integrated from some starting point to the current time t and the result is varied to get the equations of motion. We shall do the same here choosing the current time to be the cosmic time. The future is not involved. As a result Λ will in general depend on time and the local conservation law of dark matter will not hold but rather a combination of dark matter and dark energy is conserved.
(ii) The simplest cosmological model This complicates, of course, Einstein's general relativity considerably. However, application to FRW spacetimes is of relative simplicity. As a matter of illustration we consider a pressureless 3-flat spacetime with positive dark energy density ρ. The dark matter Lagrangian 2 L m = −2ρ. Take boundaries at time t 1 and at t > t 1 ; equations (1.2) reduce to
or, in close to standard notations 3 ,
and
H is the expansion rate at any moment, the prime indicates a derivative with respect to τ = H 0 t, (τ 0 = 0), and
The first of equations (1.3) is standard FRWΛ cosmology. The second equation has been considered and discussed, according to [7] , by Bronstein [1] in 1933. Equation (1.5) is new and deserves some attention because it looks rather like an integral solution of a differential equation with a starting value τ 1 . Notice that if ρ > 0, Ω Λ > 0 by definition.
(iii) A differential form of the integral equation
Since τ 1 is arbitrary any other arbitrary time τ 2 leads to an equation like this
(1.7) c 1 and c 2 are functions of τ 2 . One can eliminate those constants with two successive derivations. A third derivative eliminates τ 2 as well as α, thanks to (1.6) α = αH, leading to a third order differential equation for the expansion rate H(τ ),
Solutions of equation (1.8) are solutions of equation (1.7) but not necessarily of (1.5). In particular, the point (or points) at some τ = τ 3 where (H 2 +H ) = 0, is obviously a singularity of (1.8). At that point either H = 12 5 H 3 or H = 3H 3 . τ = τ 1 is also a point where (H 2 + H ) = 0 but H = 12 5 H 3 only. It is interesting to note that H at τ 3 with H = 3H 3 is undefined and higher order derivatives at that point depend on the choice of H . This is not the case at τ 1 where H = − 324 35 H 4 and all higher order derivatives are uniquely defined. Suppose we have a solution H(τ ) of (1.7) which satisfies appropriate initial conditions. A first derivative of that equation gives a sort of first integral that defines c 1 (τ 2 )
Inserting this c 1 (τ 2 ) into (1.7) gives a second first integral
Equations (1.9) and (1.10) provide a test of the quality of the numerical integration: the right hand sides must be τ −independent. Moreover the equations confirm that the solution of (1.8) is also solution of (1.7) and they also give a set of functions of τ 2 which leads in principle to the value of τ 1 since c 2 (τ 1 ) = c 2 (τ 1 ) = 0. This being said, two analytic properties of the integral equation (1.7), as well as of the differential equation (1.8) 
Thus near the singularity, a ∝ (τ − τ i ) 2/3 , like in the simplest cosmological model, with or without a cosmological constant, but later on a ∝ τ (2+
which is quite different.
(iv) A first order differential equation
(1.8) is reducible to a first order differential equation in terms of where u is not defined. It is interesting to note that (1.13) has a singularity at (0, 0) through which all regular solutions u(z) must pass with a slope u (0) that is either equal to −2 or −3. The line with a slope u (0) = −3 does not go through either of the values of u at z = .
It so happens that Ω
, is quite close to Ω Λc as we shall see.
(v) w
The parameter w is a measure of the time derivative of the expansion rate. It is defined in Peebles and Ratra [7] ; in our notations,
From what we said about Ω Λc follows that for τ ≤ τ 3 , w −1 since Ω Λ Ω Λc . Later on, we may use (1.17) to calculate w 0 .
(vi) Initial conditions
Now for experimental values of some parameters and initial conditions for the equations. At the time of this calculations, we took the cosmological parameters from a Nasa table on the Web 5 . They differ slightly from values given in Planck 2013 [8] : 
Results and comments (i) Numerical results
The time scale is the inverse of the expansion rate today 1/H 0 . Here is a reminder of the different times encountered, this may be helpful. τ 1 is the arbitrary time introduced in (1.3) to which we shall come back below. The big bang singularity is at τ i . The time τ 2 ≥ τ i is arbitrary and plays no other role than to verify that solutions of the differential equation (1.8) are also solutions of the integral equation (1.7). τ 3 is a time at which the differential equation (1.8) is singular. For τ i < τ < τ 3 the expansion rate is practically constant. And today is τ 0 = 0. This being said, Mathematica uses iteration methods which deal quite well with the singularity at τ 3 of equation (1.8) . Unfortunately it does less well with equation (1.13) at z = can be seen in Figure 1 . An example of Ω Λ as a function of τ is shown in figure 2 . Notice that Ω Λ Ω Λc > Ω Λ0 , for τ ≤ τ 3 . For τ > τ 3 , Ω Λ decreases going down to zero at future infinity. Perhaps the most interesting feature of the model is that reasonable configurations, that is for ρ ≥ 0, exist only for a limited range of values of w 0 which depends on t U as shown in Figure 3: 13.8 t U 29.5 , − 0.993 w 0 −0.535.
Accordingly at present 7 , with t U 0 13.75 Gyears the prediction is w 0 −0.99.
(i) Problems with the model
One problem is that c 1 (τ 2 ) and c 2 (τ 2 ) go to zero at τ 1 < τ i as can be seen in Figure  4 . Unfortunately, Mathematica cannot reach beyond the singularity. This may not be a serious flaw from a physical point of view. Given τ 1 and h(τ 1 ), equation (1.5) has smooth numerical solutions. However, none were found with the energy density ρ always positive. Another problem is that equations (1.2) are no more Einstein's equations. It is plausible that Einstein's equations with their purely local conservation of the matter energy momentum tensor are not valid at cosmological scales.
(iii) Conclusion 5 http://lambda.gsfc.nasa.gov/product/map/dr4/params/lcdm sz lens wmap7 bao h0 v4.ps. 6 For a cosmological "constant" Ω Λ0 = 0, h 0 = 1.224 and u0 = −1.456. 7 The upper limit of tU grows very fast beyond 29.5 for very small increments of the parameters but the exact limit is hard to calculate and of little relevance. Equations (1.2) are in some respects appealing. Results are surprisingly close to observations with such a primitive model. No adjustable parameters 8 , no scalar fields coming from nowhere, no "quintessence". The cosmological "constant" varies mildly, is positive and remains small. Both Ω Λ and Ω m become and stay of the same order of magnitude at any later time and tend to zero in the future. The coincidence problem is far less acute. The model predicts a relation between w 0 and t U 0 which is remarkably close to observations. For those reasons, the present unusual variational principle deserved some attention.
Finally a referee of the editorial board brought to our attention a paper by Kaloper and Padilla [3] whose motivations are light years away from ours but whose starting point involves as here the 4-volume of spacetime time to remove the disturbing effect of the vacuum energy on the cosmological constant. The authors need a finite space which leads inevitably to a final crunch. We took spacetime to be flat for simplicity. A closed spacetime would certainly be more in tune with Mach's principles.
